Introduction and objective. The aim of the presented cross-sectional sero-epidemiological study was to determine the current presence of antibodies against B. burgdorferi s.l. in the high-risk groups of the Slovak population, and to identify potential risk factors to LB infections. Materials and method. A group of 277 agricultural and forestry workers -persons with frequent stay in the countryside and employees of State Border and Customs Police -from years 2011-2012 in the Eastern Slovakia were examined in order to assess the seroprevalence of anti-Borrelia antibodies. Sera were screened by commercial enzyme-linked immunosorbent assay (ELISA). The study subjects completed a questionnaires with general demographic, epidemiological and clinical data. The results were evaluated statistically. Results. A 25.3% presence of positive and 8.7% presence of borderline IgG antibodies was detected in all investigated groups. The seroprevalence of B. burgdorferi s.l. was significantly higher (P<0.05) among the agricultural and forestry workers when compared to employees of State Border and Customs Police. Higher seropositivity was observed in older subjects over 30 years of age (P=0.004) than those who were younger, and also in males (P=0.045). A significant number of persons with rheumatologic conditions was statistically higher (P=0.020) in the group with seropositivity than in the group with seronegativity. Conclusions. The presented study confirms the higher risk of Borrelia infection in individuals with frequent exposure to ticks in eastern Slovakia. The seropositivity tests confirmed the highest seropositivity in agriculture and forestry workers, middle positivity was confirmed among other sector workers, and lowest positivity in policemen and employees of the Customs and Border Inspection. The outputs also simultaneously filling the gap of missing seroprevalence data among these exposed groups.
INTRODUCTION
Lyme borreliosis (LB) is the most prevalent tick-borne zoonosis in the northern hemisphere. It is caused by spirochetes belonging to Borrelia burgdorferi (B.b.) sensu lato (s.l.) complex which are transmitted by ticks, in Europe by Ixodes (I.) ricinus [1, 2] . B. afzelii and B. garinii are the most common European circulating genospecies [3, 4] .
The highest incidence of LB in Europe was noticed in the Baltic countries, Sweden, Austria, Czech Republic, Germany, Slovenia, and in other countries of central Europe [4] . From the epidemiological reports of the Specialized State Health Institute in Banská Bystrica it appears that the number of patients with LB in Slovakia has increased from 59 cases recorded in 1986 [5] to 1,054 (incidence 19.43/100.000) cases in 2010. In 2011, 852 cases were reported (incidence 15.68/100.000); while in 2012, the number dropped to 754 cases (incidence 13.95/100.000) [6] .
The main clinical manifestations of LB include: early localized disease (erythema migrans), early disseminated disease (neuroborreliosis, arthritis, carditis) and late disease (acrodermatitis chronica atrophicans, Lyme arthritis and late neuroborreliosis) [1, 4] .
The routine diagnosis of borreliosis in humans is based on detection of the specific antibodies levels -IgM and IgG classes, mainly in blood, cerebrospinal fluid, and synovial fluid. According to guidelines promulgated in the USA and Germany, serological diagnosis should follow the principles of a two-step procedure, with an enzyme-linked immunosorbent assay (ELISA) as the first step; if reactive, this step is followed by immunobloting [7, 8] . Specific antibodies from the IgM class are formed 2-4 weeks after the onset of primary infection [9] . IgG antibodies appear in serum 6 weeks after infection, they reach their peak level after 4-6 months and are detectable in serum for more than next 10 years [1, 7, 10] .
Since forests and woods are the preferred ecosystems of ticks, the risk of contracting LB is higher among forestry workers, farmers and other workers in wooded areas, as well as hunters, tourists, and forest undergrowth pickers staying in areas of the highest tick activities [3, 11] .
The aim of this study was to investigate the current seroprevalence of LB in the risk groups of population in eastern Slovakia, e.g.: agriculture workers, forestry workers and police forces, and to determine associations of seroprevalence with selected risk factors.
MATERIALS AND METHODS
Venous blood samples were taken from persons (n=227) exposed to tick bite, working on the land, in agriculture, forestry employees of State Border and Customs Police, and persons frequently staying in the countryside risk areas of Eastern Slovakia -(hereafter referred as the 'other sector') in years of 2011-2012. The study subjects filled out a questionnaire and signed a written informed consent about blood collection and a consent to the processing of data for scientific purpose.
The serum was obtained by centrifugation (2,500 rpm/ 10 min.) and preserved at -80 °C until serological testing.
ELISA 
RESULTS

Characteristics of the investigated group.
The crosssectional study included 69.7% of people with direct or particular occupational exposure to tick bite in the areas of forestry and agriculture: mostly employees of agricultural farms and forests (veterinary technicians, shepherds, drivers, agricultural machinery maintenance staff, workers on farms, workers in vineyards, foresters); 17.3% working in other sectors but with frequent staying in the countryside; and 13% members of State Border and Customs Police with partial exposition during their job activities in grasslands and forests.
In terms of gender, 200 (72.2%) males and 77 (27.8%) females were examined. The sample was created predominantly by people in the productive age between 30-50 years (44.4%) and over 50 years (36.8%), while the group with the age of up to 30 years was the smallest (18.8%). Urban residents comprised 24.5% (n=68) of the sample, 75.5% (n=209) of the subjects resided in rural areas.
A history of a tick bite was reported in 87% (n=241) of cases. Repellents commonly used were recorded by 49% (n=99) of positive respondents. Respondents reported the following outdoor activities: 76.9% (n=213) of respondents often stayed or worked in agricultural fields and/or woods, 76.9% (n=213) worked in gardens, and 37.2% (n=103) were involved in hunting activities. The majority of respondents (77.6%) had some contact with the animals during work, and 64.4% contact with their own pets.
Dermatological complaints were observed in 13% (n=36) of respondents, rheumatologic complaints in 35.7% (n=99) and 16.2% (n=45) reported neurological disorders. Chronic fatigue syndrome was present in 10.5% of subjects (Tab. 1).
Presence of IgG antibodies against B. burgdorferi. Positive values of IgG antibodies were detected in 25.3% (n=70), borderline values in 8.7% (n=24) and negative results in 66% (n=183) of cases among the investigated group (Tab. 2). Presence of IgG antibodies against B. burgdorferi in groups by occupational sector. The most positive samples from all investigated persons were the agricultural and forestry workers (29%), followed by employees in the other sector (21%), while the group of policemen showed the lowest incidence -11% (Tab. 3).
Association of IgG with residence, gender, age. A slightly higher seroprevalence was observed in subjects with a rural life (OR = 1.741; CI = 0.879-3.444; P = 0.109), compared to the urban residents. The respondents older than 30 years had significantly (3.7 times) higher probability to be seropositive (P=0.004) than younger subjects. The ORs of being seropositive was 1.9 times significantly higher for males (OR=1.983; CI=1.006-3.910; P=0.045) compared to females (Tab. 4).
Association of IgG with occupation. Statistically, a higher probability for seropositivity was observed among agriculture and forestry workers when compared to the employees of the police forces (OR=3.213; CI=1.075-9.598; P=0.029) and to the persons in the other sector, although with an insignificant level for the latter (OR=1.514; CI=0.697-3.288; P=0.292) (Tab. 4).
Association of IgG with tick bite, using repellents.
Contact with tick bite was reported in 87% of respondents, but this factor was not statistically significant (OR=1.122; CI=0497-2.532; P=0.781) for seropositivity. On the other hand, individuals who used repellents had lower odds to be seropositive (OR=0.542; CI=0.279-1.056; P=0.070) (Tab. 4).
Association of IgG with outdoor activities. The seropositivity rate was 1.9 times higher in persons working, or frequently staying in the woods or agricultural fields, with a close level the significance (P=0.077). Persons working in gardens were 1.7 times more likely to have the presence of antibodies than the others, and it was insignificant (OR= 1.718; CI=0.850-3.472; P=0.129). The OR for seroreactivity in the hunting and non-hunting groups was approximately equal, and was also insignificant (Tab. 4).
Association of IgG with contact with animals and pets.
There was approximately the same probability of incidence of antibodies in the respondents with animal contact at work or with pets in households as in those without the contact; the results were not statistically significant (p>0.05) (Tab. 4).
Association of IgG with clinical anamnesis. Analysis
revealed a significant association between rheumatologic complaints and anti-Borrelia antibodies (OR=1.936; CI=1.104-3.393; P=0.020). Respondents with dermatological symptoms had significantly lower seropositivity (OR= 0.309; CI=0.104-0.912; P=0.026) than those without complaints (Tab. 4).
DISCUSSION
The results of the ELISA method used in the presented study showed 25.3% seropositive samples and 8.7% borderline samples. Bazovská et al. [12] reported in the region of western Slovakia the presence of 12.8% of positive antibodies in healthy blood donors. The high seroprevalence shows an increasing risk of tick infestation in Slovakia. According to many reports, the risk of contracting diseases transmitted by ticks is greater for forestry workers, farmers and others working in woody [13] , brushy, or overgrown grassy areas in the endemic regions [8] . For persons with frequent staying outdoors, 21% seropositivity was confirmed in the presented study. Police and Customs forces had the lowest seropositivity -11%. Education level and shorter time of outside rural exposure could be protective factors for tick bite exposure in the group of police workers. Lower positivity among police forces can be also attributed to the higher education of this group, and possible better prevention and personal protection. The agricultural and land workers had almost 3 times higher seropositivity than policemen, with statistical significance P=0.029. These results are comparable with results obtained in Poland, where the level of IgG-class antibodies found in fieldworkers was twice as high as that in office employees [3] . Studies in the adult population of Europe showed that frequency of specific IgG antibodies for B. burgdorferi varied. A few publications focusing on exposed forestry workers and/ or farmers have been noted: Zwolińsky et al. [14] -32% and by Chmielevska-Badora et al. [2] -45.6% from the Lublin region in Poland; Cisak et al. [13, 15] -40.7% and 31-41%, respectively, from eastern Poland; Buczek et al. [3] -25% in southern Poland; Rojko et al. [16] -23.8% from Slovenia. 25% seropositivity was detected in Spain among persons with outdoor occupations, which is similar to the presented study [17] .
A lower seroprevalence was observed by Zhioua et al. [18] with 15.2% from France; by Bartůnek et al. [19] -10% from the Czech Republic; Werner et al. [20] -7.6% from Sweden; and by Di Renzi et al. [11] -3.4% from Italy. LB is also recorded in other countries outside Europe, e.g., in Turkey -3.3%, respectively, 10.9% [21, 8] . These results were provided by one or two laboratory methods.
The presented study determined that seropositivity was higher in subjects with a rural life than with an urban life, but not significantly. This suggests a more frequent exposure of the rural population to ticks. On the other hand, however, tick infestation is also frequent among the city population due to stays in local forests or city parks.
There was also a gender correlation: males, who may be at greater risk for tick bites, were significantly more likely than females to have anti-B. burgdorferi antibodies (P= 0.045). Generally, it was confirmed that men work more frequently in the outdoor environment than women [1, 3, 8, 11] .
A significantly higher chance of seropositivity (P=0.004) was recorded in subjects at the productive age of over 30 years, which seems to be associated with occupational and recreational activities of people in this age group in the environment inhabited by ticks infested with borreliae. Many other studies confirmed increased age as a risk factor [3, 13, 17] .
In this sero-epidemiological report from eastern Slovakia, exposure to tick bites was frequently observed in the investigated group (87%). Despite this fact, 51% of respondents exposed to contact with ticks use a repellent to reduce the risk of tick bites. It was shown that in the endemic areas of Poland, over 21% of exposed people did not use any prophylactics [3] . Di Renzi et al. [11] also noted a lack of individual protective devices among forestry workers. Usage of protective insecticide sprays is mostly underestimated in forestry and agriculture workers. However, in the presented study it was determined that the lowest seropositivity in subjects using repellents was close to the level of significance (P=0.070). Moreover, Vázquez et al. [22] demonstrated that the use of tick repellents on the skin or clothing while outdoors was also effective (effectiveness of 20%) in preventing LB. The risk of LB infection also increases due to the lack of preventive measures against tick infestation. The positivity of antibodies was almost equal in the groups with positive and negative tick bite anamnesis. Thus, the presented study did not confirm a statistical association between seropositivity and tick bite. In some other studies, such an association was also not observed [8, 12] . It is possible that seroreactive individuals who did not come into contact with a tick, might have been infected with larval stages of I. ricinus, which is likely to be overlooked [5] .
Several different studies confirmed the association between the occurrence of antibodies and outdoor activities, e.g., gardening [23] or contact with animals, especially among the cat owners in the households of German children [1] and dog owners [21] . Such a ativities as gardening and hunting appeared as insignificant risk factors in this study (P>0.05). Furthermore, seropositivity was higher in persons working and frequently staying in the woods and/or on the agricultural field with close significance P=0.077. This result is probably closely associated with occupational and recreational exposure to tick bite in the endemic areas within the current investigated group. Significantly higher seropositivity and contact with animals or pets was not obtained.
The clinical data indicated that a significant number of respondents with musculoskeletal conditions was statistically higher (P=0.020) in the group with seroreactivity than in the group with non-reactivity. This finding could be associated with LB. The afore-mentioned association has been equally observed in persons with outdoor occupations in Spain [17] . Statistical analysis of the examined group which reported dermatological symptoms showed a lower seropositivity (P=0.026). This suggests that early dermatologic symptoms of LB in our group -erythema migrans, could probably have been treated in the past by antibiotics. The humoral immune response is late, and an early administration of the antibiotics can postpone or inhibit that response [9] , and this fact could explain the absence of antibodies. The other risk factors (neurological problems, chronic fatigue syndrome) were not confirmed as significant.
CONCLUSIONS
The results of seroprevalence obtained in the presented study confirm the possibility of infection with B. burgdorferi among farmers, forestry workers and other persons exposed to contact with ticks in eastern Slovakia. The result obtained confirm the highest seropositivity in agriculture and forestry workers, middle positivity among other sector workers, and the lowest positivity in policemen and employees of the Customs and Border Inspection. Therefore, it is necessary to increase awareness of the risk population groups with an agenda using prophylactic measures against the risk of tick bite.
